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(57) ABSTRACT 

Disclosed is a semiconductor laser device capable of mini- 
mizing the spot diameter of a laser light and also capable of 
improving the transmittancc of light passing through a fine 
aperture. The semiconductor laser device comprises a light 
absorption film provided with a fine aperture on the outside 
of the light-emitting surface of the semiconductor laser 
element. The aperture is formed such that the aperture width 
Wj in a direction parallel to the polarizing direction of the 
laser light is smaller than half the oscillation wavelength of 
the semiconductor laser element, and the aperture width Wj 
in a direction perpendicular to the polarizing directioo is 
laiger than the aperture width W;|. 



n-GaAs 



MQW' 



p-GaAs 



p-lnGaAlP 



n-lnGaAlP 
n-GaAs 



106 



n-GaAs 



105 
104 

103(11) 
'102 

^101 



Patent AppUcationPubUcation Feb. 14, 2002 Sheet 1 of 10 US 2002/0018501 Al 




POLARIZING 
DIRECTION 



FIG.1A 



MQW^ 



n-GaAs 



p-lnGaAlP 



n-lnCaAlP 
n-GaAs 



106 



p-GaAs 
"} ^ n-GaAs 



105 

'104 

'103(11) 
^102 

.101 



FIG.IB 



Patent AppUcationPubUcation Feb. 14, 2002 Sheet 2 of 10 US 2002/0018501 Al 



AIR 
(ni=1.0) 



Au(np0.15, k;=3.5) 



Au 



1.0 
0.8 



E 0.6 

CO 



LU 



0.4 
0.2 
0.0 



-200 

FIG.2A 



_ A=650nin 




~TMo 






Uteo 




1 





-100 0 100 

POSITION (ntn) 



200 



All I 
(nFO.15, /c=3.5)l AIR (ni=1.0) | 

1.0 



-200 

FIG.2B 



0 200 
POSITION (nm) 



Au 




Patent AppUcationPubUcation Feb. 14, 2002 Sheet 3 of 10 US 2002/0018501 Al 




CO 



^ Bd'TTIT^ f^X 0.001 
XO.OOl 14MX0.956 



TE 



/ 
/ 
/ 
/ 



/ 
/ 

/ 
/ 
/ 



/ 



AIR 



FIG. 2D 



FIG. 2C POSITION (nm) 

(ni='l'!o) 

\ 

Ag(ni=0.07, /c=4. 2) 

1.0 



Ag 




-200 

FIG.4 



-100 



0 100 
POSITION (nm) 



Patent AppUcation PubUcati n Feb. 14, 2002 Sheet 4 of 10 US 2002/0018501 Al 





FIG.3B 



Patent Application Publication Feb. 14, 2002 Sheet 5 of 10 US 2002/0018501 Al 




Patent AppUcation PubUcation Feb. 14, 2002 Sheet 6 of 10 US 2002/0018501 Al 




W(nm) 



Patent Application PubUcation Feb. 14, 2002 Sheet 7 of 10 US 2002/0018501 Al 



W=100nm 
(W/ A =1/6.5) 




W=50nm 
(W/ A =1/1 3) 





W=30nm 
(W/ A =1/22) 





W=10nm 
(W/ A =1/65) 





LIGHT INTENSITY 



COMPONENT OF PROPAGATING 
LIGHT 

J 



FIG.11 



Patent AppUcation PubUcation Feb. 14, 2002 Sheet 8 of 10 US 2002/0018501 Al 



AIR(npl.O) 
Au(npl. 522, /c=1.75)| 



Au 




-200 -100 0 100 

PIQ12 POSITION (nm) 

AIR (ni=1.0) 
Al(ni=0.40, K=4.45)| ^ 



Al 



1.0 
0.8 
0.6 
E 0.4 
0.2 

0.0 

-200 

FIG.13 









_ A=400nin 






: 


I 


-TMq 


1 ■ Jj 











-100 0 100 

POSITION (nm) 



200 



Patent Application Publication Feb. 14, 2002 Sheet 9 of 10 US 2002/0018501 Al 



^ 5 

CO 
CO 

o 

10* 

14 ' 

10' 





- TM ^ 


A=400nin 
Au/AIR(W)/Au 

, 1 .... 1 . 


f * ' 



100 



T 10' 



A =400nin 
AI/AIR(W)/AI 




FIG.15,„2 



I ■ ■ . I < I • • ' ■ I I I I I I I I 



0 100 
100 



200 300 400 500 

W(nin) 



FIG.18 




0.0 0.2 0.4 0.6 0.8 1.0 

nd/A 



Patent Application Publication Feb. 14,2002 Sheet 10 of 10 US 2002/0018501 Al 




us 2002/0018501 Al 



1 



Feb. 14,2002 



SEMICONDUCTOR LASER DEVICE 

CROSS-REFBRENCE TO RELATED 
APPLICAHONS 

[0001] This application is based upon and claims the 
benefit of priority from the prior J^anese Patent Application 
No. 11-373067, Dec. 28, 1999, the entire contents of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
laser device, particularly, to a semiconductor laser device 
provided v^nth a light absorption film having an aperture on 
the outside of a light-emitting surface. 

[0003] In order to improve the recording density of an 
optical disc, required are a light source and an optical system 
capable of converging the laser light on a minimal spot. In 
general, the diffiraction-limited spot diameter s of the con- 
verged light relative to the wavelength X of the light source 
and the numerical aperture NA of the converging lens is 
determined by formiUa (1) given below: 

Le.,m:A/AM (1) 

[0004] When it comes to a laser light having a cross 
sectional light intensity conforming with, for example, the 
Gaussian distribution and a diameter in whidi the light 
intensity in the edge portion is 1/e^ times as high as the light 
intensity in the central portion, the coefficient c in formula 
(1) is 0.67. In genera], the numerical aperture NAof the lens 
is at most 1. It follows that it is impossible for the diffrac- 
tion-limited spot diameter s to be smaUer than cX, as 
apparent from formula (1). 

[0005] As apparent from formula (1), an effective method 
for obtaining a spot light having a minimal diameter is to 
shorten the wavelength X of the light source. However, in the 
case of using a semiconductor laser, the ^ortening of the 
wavelength K is limited. Also, if the wavelength of the light 
source is shorter than that of an ultraviolet light, it is 
impossible to use the conventional optical system because of 
the restriction in the transparent region of the lens material. 

[0006] on the other hand, as a method for exceeding the 
limit represented by formula (1), it is proposed to utilize a 
solid immersion lens (SIL) or an optical near field. The 
optical near field is generated when a laser light passes 
through a circular aperture mounted at the light-emitting 
edge and having a diameter waller than the wavelength X 
of the light source. The optical near field thus generated is 
utilized by disposing a disc plane in the vicinity of the 
aperture. To be more specific, a laser light is fonned into an 
optical near field having a diameter smaller than the dilfrac- 
tion-limited spot diameter s when the laser beam passes 
through the aperture, and the optical near field thus formed 
is utilized for recording information in an optical disc and 
for reading the recorded information from the optical disc. 

[0007] However, a serious problem is inherent in the 
optical near field that the throughput efficiency of the optical 
near field is very low. Specifically, the aperture is formed in 
general in a plane of a light absorption material having a 
large optical absorption. It should be noted that a material 
having a very large absorption loss and a thickness large 
enough to ii^bit the light transmission such as a metal 



material is used as the light-absorbing material so as to 
inhibit the light transmission in regions other than the 

aperture. 

[0008] When passing through the aperture of the light- 
absorbing material, the laser light is absorbed by the light- 
absorbing material in the vicinity of the aperture, with the 
result that the laser light intensity is rendered insufficient on 
the emission side. In other words, the throughput efficiency 
of the optical near field is very low and, thus, it is impossible 
to use the optical near field for the optical recording/reading. 

[0009] On the other hand, it is conceivable to use a high 
power laser as a measure for making up for the low 
throughput efficiency of the optical near field. However, in 
the construction that a light-absorbing material is mounted 
on the facet of a high power laser, the temperature in the 
vicinity of the facet is markedly elevated by the heat 
generation caused by the light absorption so as to deteriorate 
the laser facet. It follows that this measure is not practical. 

[0010] As described above, in the conventional semicon- 
ductor laser device in which a small aperture is formed in the 
Ught-emitting surface, the efficiency for the laser light to 
pass through the aperture is very low, making it impossible 
to use the conventional semiconductor laser device for the 
optical recording. On the other hand, if a high power laser 
is used as a measure against the low throughput efficiency, 
the temperature in the vicinity of the laser facet is markedly 
elevated so as to deteriorate the high power laser. 

BRIEF SUMMARY OF THE INVENTION 

[0011] An object of the present invention is to provide a 
semiconductor laser device capable of minimizing the spot 
diameter of the laser light and high in the optical throughput 
efficiency through an aperture. 

[0012] The present invention has been achieved on the 
basis of the properties found by the present inventors that, 
when the aperture width is very small, the degree of light 
absorption differs depending on the polarizing direction of 
the laser light. It should be noted that the technical idea of 
the present invention resides in that the direction of the short 
aperture width of a smaU aperture is set parallel to the 
polarizing direction of the semiconductor laser element so as 
to improve the optical throughput efficiency through the 
aperture. 

[0013] To be more i^ecific, the present invention provides 
a semiconductor laser device comprising a semiconductor 
laser element and a light-absorbing film having an aperture 
formed on the outside of the light-emitting surface of the 
semiconductor laser element, characterized in that the aper- 
ture is fonned such that the aperture width in a direction 
parallel to the polarizing direction of the laser light is smaller 
than the aperture width W2 in a direction perpendicular to 
the polarizing direction. 

[0014] The present invention also provides a semi-con- 
ductor laser device comprising a semiconductor laser ele- 
ment and a light-absorbing film having an aperture formed 
on the outside of the light-emitting surface of the semicon- 
ductor laser element, wherein the aperture is formed such 
that the aperture width in a direction parallel to the 
polarizing direction of the laser light is »naller than half the 
oscillation wavelength of the semiconductor laser element. 
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and the aperture width in a direction perpendicular to the 
polarizing direction is larger than the aperture width W^. 

[0015] The semiconductor laser devices according to pre- 
ferred embodiments of the present invention are featured 
mainly as follows: 

[0016] (a) A dielectric film is arranged between the 
light-emitting surface and the light-absorbing film. It 
is possible for the dielectric film to be formed, as 
desired, to fill the aperture. 

[0017] (b) The aperture width of the aperture in a 
direction parallel to the polarizing direction of the 
laser light is set to fall within a range in which the 
absorption loss of the laser Ught is made smaller by 
at least one place than that in the case where an 
aperture of the same width is formed to extend in a 
direction perpendicular to the polarizing direction of 
the laser light. 

[0018] (c) The width of the aperture in a direction 
parallel to the polarizing direction of the laser light 
is shorter than one-third of the oscillating wave- 
length of the semiconductor laser element. 

[0019] (d) The semiconductor laser element is of an 
edge-emitting type and has an oscillation mode of 
TM mode. 

[0020] (e) The light absorption film is made of a 
metal. 

[0021] (Q An insulating film is arranged between the 
light-emitting surface and the light-absoibing film, 
and the optical thickness of the insulating film falls 
within a range of between 0.05X and 0.35>. relative 
to the oscillating wavelength X. 

[0022] The present inventors have found that the loss of 
the laser light in the small aperture is dependent on the 
polarizing direction of the laser light and on the shape of the 
aperture. To be more i^cific, the loss is increased if the 
aperture width in a direction perpendicular to the polanzing 
direction of the laser light is narrowed, and the loss is not 
increased even if the aperture width is narrowed in a 
direction parallel to the polarizing direction of the laser light. 
The spedfic reason for this principle will be described 
herein later. 

[0023] It follows that, if the aperture width in a 
direction parallel to the polarizing direction of the laser light, 
the <q)erture being formed on the outside of the light- 
emitting surface of the semiconductor laser element, is made 
smaller than the aperture width W2 in a direction perpen- 
dicular to the polarizing direction of the laser light as in the 
present invention, it is possible to obtain a spot light having 
a smaller diameter without increasing the absorption loss 
around the aperture. It follows that it is possible to minimize 
the ^ot diameter of the laser light so as to obtain a 
semiconductor laser device having a high light transmis^on 
cflBcicncy through the aperture. 

[0024] Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 



BRIEF DESCRlPnON OF THE SEVERAL 
VIEWS OF THE DRAWING 
[0025] llie accompanying drawings, which are incorpo- 
rated in and constitute a part of the specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, serve to explain the principles of the invention. 

[0026] FIG. lA is an oblique view schematically showing 
the construction of a semiconductor laser device according 
to a first embodiment of the present invention; 

[0027] FIG- IB is a cross sectional view schematically 
showing the construction of the semiconductor laser device 
in the first embodiment of the present invention; 

[0028] FIGS. 2A and 2B show examples of calculating 
the waveguide mode within a metal waveguide in the first 
embodiment of the present invention; 

[0029] FIG. 2C schematically shows the light intensity 
distribution for explaining the calculation examples shown 
in FIGS. 2A and 2B; 

[0030] FIG. 2D schematically shows the relationship 
between the aperture and the waveguide mode; 

[0031] FIG. 3A shows the shape of the aperture and the 
light intensity distribution in each direction; 

[0032] FIG. 3B shows in the form of a three dimensional 
distribution the light intensity distribution shown in FIG. 
3A; 

[0033] FIG. 4 shows an example of analysis of the 
waveguide mode for Ag in the fiist embodiment of the 
present invention; 

[0034] FIG. 5 shows an example of calculating the depen- 
dence of the waveguide mode loss in a Au waveguide on the 
aperture width W in the first embodiment of the present 
invention (Xs650 nm); 

[0035] FIG. 6 shows an example of calculating the depen- 
dence of the waveguide mode loss in a Ag waveguide on the 
aperture width W in the first embodiment of the present 
invention (X=650 nm); 

[0036] FIG. 7 shows an example of cakulating the depen- 
dence of the waveguide mode loss in a Cu waveguide on the 
aperture width W in the first embodiment of the present 
invention (X«650 nm); 

[0037] FIG. 8 shows an example of calculating the depen- 
dence of the waveguide mode loss in an Al waveguide on the 
aperture width W in the first embodiment of the present 
invc»ition (X=650 nm); 

[0038] FIG. 9 shows an example of calculating the depen- 
dence of the waveguide mode loss in a Pt waveguide on the 
apeiture width W in the first embodiment of the present 
invention (>.=650 nm); 

[0039] FIG. 10 shows an example of calculating the 
dependence of the waveguide mode loss in a Ti waveguide 
on the aperture width W in the first embodiment of the 
present invention (X=650 nm); 

[0040] FIG. 11 shows the light intensity distribution after 
the light is emitted from the aperture into the air atmosphere 
in the first embodiment of the present invention; 
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[0041] FIG. 12 shows the state of the waveguide mode 
relative to a Au aperture in the first embodiment of the 
present invention, covering the case where the light source 
wavelength is 400 nm; 

[0042] FIG. 13 shows the state of the waveguide mode 
relative to a Al aperture in the first embodiment of the 
present invention, covering the case where the light source 
wavelength is 400 nm; 

[0043] FIG. 14 shows an example of calculating the 
dependence of the waveguide mode loss in a Au waveguide 
on the aperture width W in the first embodiment of the 
present invention (>j-400 nm); 

[0044] FIG. 15 shows an example of calculating the 
dependence of the waveguide mode loss in an Al waveguide 
on the aperture width W in the first embodiment of the 
present invention (Xb400 nm); 

[0045] FIG. 16 is an oblique view lowing schematically 
showing the construction of semiconductor laser device 
according to a second embodiment of the present invention; 

[0046] FIG. 17 is an oblique view showing schematically 
showing the construction of semiconductor laser device 
according to a third embodiment of the present invention; 

[0047] FIG. 18 shows an example of calculating the 
dependence of a reflectance R on the thickness d of an 
insulating film in the third embodiment of the present 
invention; and 

[0048] FIG. 19 is an oblique view schematically showing 
the construction of a semiconductor laser according to a 
modification of the third embodiment of the present inven- 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0049] The present invention will now be described in 
detail with reference to the embodiments shown in the 
accompanying drawings. 

First Embodiment 

[0050] FIG. lA is an oblique view schematically showing 
the construction of a semiconductor laser device according 
to a first embodiment of the present invention. As shown in 
the drawing, the semiconductor laser device comprises a 
semiconductor laser element 10 having an active layer U 
formed therein and also having a facet to which a light- 
emitting plane belongs protected by an insulating film 12, 
and a light-absorbing film 13 having an aperture 14 and 
mounted to the semiconductor laser element 10. 

[0051] The aperture 14 is formed in a position facing a part 
of the light-emitting plane and serves to transmit a part of the 
laser light emitted from the semi-conductor laser element. 
To be more specific, the aperture 14 serves to form the 
intensity distribution of the laser light into a width smaller 
than the oscillating wavelength X when the laser light 
emitted from the semiconductor laser element 10 passes 
through the aperture 14. Also, in the drawing, the aperture 14 
is shaped oblong in which each of the four comers of the 
aperture 14 in a planar shape is arcuate. Alternatively, it is 
possible for the aperture 14 to be shaped rectangular in 
which each of the four comer portions in a planar ^ape has 



a right angle, llie aperture 14 may be a slit. The constmction 
of the aperture 14 described above is also employed in any 
of the embodiments described below. 

[0052] The semiconductor laser element 10 is oscillated in 
a TE mode, and the polarizing direction of the laser light is 
in parallel to the junction plane, i.e., the direction of the 
electric field vector is equal to a horizontal direction. 

[0053] FIG. IB is a cross sectional view showing as an 
example the construction of the semiconductor laser element 
10. As shown in the drawing, the semiconductor laser 
element 10 comprises an n-type GaAs substrate 101, an 
n-type InGaAlP clad layer 102, an active layer 103 (11) 
comprising an InGaAlP muhilayered quanmm well structure 
(MQW), a p-type InGaAlP clad layer 104, an n-type GaAs 
current blocking layer 105, and a p-type GaAs contact layer 
106, which are laminated one upon the other in the order 
mentioned. Also, die clad layer 104 is formed into a mesa 
shape and the current blocking layers 105 are embedded on 
the both side regions so as to form a ridge stripe laser where 
the active layer 11 comprising the MQW (103), the active 
layer 11 is of a laminate structure comprising well layers 
each having a thickness of several nanometers and barrier 
wall layers each having a thickness of several nanometers, 
which are alternately laminated one upon the other. Also, 
where the active layer 11 is in the form of a bulk, the active 
layer 11 has a thickness of, for example, 0.05 to 0.06 fan. 
Needless to say, the cross sectional construction of the 
semiconductor laser element 10 is not limited that shown in 
FIG. IB, and it is possible to employ various modifications. 

[0054] It is possible to use, for example, SiO^, TiGj, 
Ta205, and a-Si, for forming the insulating film 12. The 
insulating layer 13 belongs to the semiconductor laser 
element 10 and plays the role of the protective film of the 
facet of the semiconductor laser element and the role of 
preventing the short circuit between the n-type semiconduc- 
tor layer and the p-type semi-conductor layer caused by the 
light-absoibing film 13. 

[0055] It is possible to use a metal such as Au, Ag, Cu, Al, 
Pt or Ti for forming the light-absorbing film 13. Since a 
metal has a very large absorption coeflGcient, the light is 
substantially prevented firom being transmitted through the 
light-absorbing film 13 except the aperture region, if the 
light-absorbing film 13 has a thickness of, for example, 
about 100 nm. However, the loss of light passing through the 
aperture has not yet been analyzed suflSciently. In an ordi- 
nary small aperture, the light passing through the aperture 
also incurs a laige loss, giving rise to the problem that the 
efficiency is very low. 

[0056] The present invention is featured in that the aper- 
ture width in a direction parallel to the polarizing 
direction of the laser light is made smaller than the aperture 
width in a direction perpendicular to the polarizing 
direction of the laser light. To be more ^cific, the aperture 
width in a direction parallel to the polarizing direction of 
the laser light is made smaller than half the oscillating 
wavelength of the semiconductor laser, and the aperture 
width W2 in a direction perpendicular to the polarizing 
direction of the laser light is made longer than the ^>erture 
width noted above. The particular constmction makes it 
possible to markedly diminish the loss of the light passing 
through the aperture. The principle of the particular function 
will now be described. 
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[0057] Specifically, FIGS. 2A and 2B show an example of 
calculating the waveguide mode in a metal waveguide. The 
calculating example is directed to the light intensity distri- 
bution, covering the case where the laser light having a cross 
sectional intensity conforming with the distribution suffi- 
ciently larger than the aperture width and emitted from the 
active layer U passes through the aperture 14 extending 
through the insulating film 12 and the light-absorbing film 
13 is outputted to the outside (FIG. 2C). 

[0058] For brevity, the waveguide nodes were calculated 
for two cases where the small aperture 14 having a width of 
50 nm (FIG. 2A) was formed in the light-absoibing film 13 
made of gold (Au) and where the small aperture 14 having 
a width of 300 nm (FIG. 2B) was formed in the film 13. 
Incidentally, n^ in the drawings denotes the real part of the 
complex refractive index n, and k represents the extinction 
coefficient in the imaginary part of the complex refractive 
index n (n=nj-iic=0.15-3.5i). 

[0059] As shown in the drawings, the TE mode, in which 
the direction of the electric field vector is parallel to the 
boundary Bd between the gold layer in the longitudinal 
direction of the aperture 14 and the air (FIG. 2D), and the 
TM mode, in which the direction of the magnetic field vector 
is parallel to the boundary noted above, widely differ from 
each other in the distribution shape of the mode. The 
boundary Bd is located at the position 0 on one of outer 
edges of the aperture 14 as shown in FIG. 2C. Incidentally, 
the TE mode and the TM mode noted above, which differ 
from the oscillation mode of the semiconductor laser cle- 
ment 10, denote the laser light in the cross section defined 
in the boundary direction (longitudinal direction) of the 
aperture 14, AS described previously, the oscillation mode is 
the TE mode. 

[0060] The light intensity in each of FIGS. 2A and 2B 
denotes the component in the propagating direction of the 
Poynting vector. The discontinuity of the light intensity at 
the interface between the air layer and the metal layer in the 
TM mode is derived from the discontinuity of the compo- 
nent of the electric field vector in a direction perpendicular 
to the boundary face. To be more specific, since the amount 
of continuity is equal to the product between the component 
of the electric field vector in a direction perpendicular to the 
boundary face and n^, the light intensity is markedly dimin- 
ished within the metal having a large absolute value of the 
real part of n^ by the coefficient of 1/n^. 

[0061] On the other band, the TE mode is a mode in which 
the permeation into the metal layer is large because the 
electric field of the TE mode is directed parallel to the 
boundary and is continuous at the boundary between the air 
and the metal. 

[0062] If the aperture width is relatively large, the perme- 
ation of the TE mode is not prominent as shown in FIG. 2B. 
However, if the aperture width is small, the TE mode and the 
TM mode widely differ from each other in the permeation 
rate such that the permeation of the TE mode is rendered 
prominent, as shown in FIG. 2A. 

[0063] In the TE mode, the permeating portion into the 
metal layer incurs a large absorption loss and^ thus, the loss 
of the waveguide mode is laige where the aperture width is 
small. In the TM mode, however, the loss of the waveguide 
mode is very small even if the aperture width is small 
because the permeation into the metal layer is small as 
described above. 



[0064] The embodiment shown in FIGS. lA and IB 
utilizes the feature described above. To be more specific, by 
utilizing the feature that the loss is not increased even if the 
aperture width is diminished in a direction parallel to the 
polarizing direction of the laser light, the aperture width 
in the direction noted above is decreased so as to make it 
possible to obtain a fine spot light with a high efficiency. 

[0065] FIG. 3A shows the shape of the aperture and the 
light intensity distribution in each direction. On the other 
hand, FIG. 3B ^ows in the form of a three dimensional 
distribution the light intensity distribution shown in FIG. 
3A. By setting the shape of the aperture as shown in FIG. 
3A in the polarizing direction of the laser light, it is possible 
to achieve a waveguide mode having a very small loss even 
in a fine aperture smaller than the wavelength. 

[0066] The description given above with reference to 
FIGS. 2A to 2D, 3A and 3B covers the case where a fine 
aperture is formed in an absorption thin film made of gold. 
However, the same effect can also be obtained in the case 
where the fine aperture is formed in a thin film made of 
another metal, e.g., silver (Ag). FIG. 4 shows an example of 
the analysis of the waveguide mode in the case where the 
fine aperture is formed in a thin Ag film. As apparent from 
the drawing, the permeation of the TM mode is also small, 
leading to a small loss. 

[0067] FIG. 5 is a graph exemplifying a calculation of the 
dependence of the waveguide mode loss in the Au 
waveguide on the aperture width W. In the graph of FIG. 5, 
the absorption coefficient a of the light absorption film 13 
for every waveguide mode is plotted as a loss a in the 
ordinate, with the position in the direction of the aperture 
width based on the reference position set at the left edge of 
the aperture 14 being plotted on the abscissa. It is clearly 
seen from FIG. 5 that, in the region of a small aperture 
width, the loss of the TM mode is very much lower than that 
of the TE mode. In other words, the loss of the TE mode is 
about 100 times as high as that of the TM mode. The 
e3q)erimental data given in FIG. 5 quantitatively support 
that the loss is markedly diminished by using the TM mode 
in which the direction of the polarization is perpendicular to 
the side of the aperture, in respect of the direction of the 
small aperture width. 

[0068] To be more specific, where an aperture of 50 nm is 
formed in a Au film having a thickness d of 100 run, the 
transmittance through the light absorption film 13 calculated 
on the basis of X and a shown in FIG. 5 and k shown in FIG. 
2 are as follows: 

[0069] Transmittance e^'*^^'^ for the region outside 
aperture 14:0.001 

[0070] Transmittance e*^ of TE mode for aperture 
14: 0.006 

[0071] Transmittance e*^ of TM mode for aperture 
14: 0.956 

[0072] It follows that the light is sufficiently attenuated 
when the light passes through the light absorption fihn 13 
having a thickness d and, in the TM mode, the light is 
capable of passing through the aperture while substantially 
incurring no loss, which are also shown in FIG. 2C. On the 
other hand, in the TE mode, the light is scarcely transmitted 
through the aperture having an aperture width of about 50 
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am. As apparent from FIG. 5, the loss can be lowered ia the 
TE mode by setting the aperture width at 260 nm or more. 
It follows that it is possible to obtain a spot light very low 
in loss and very small in size, if the aperture is shaped such 
that the width in a direction parallel to the polarization 
direction of the laser light is small and the width in a 
direction perpendicular to the polarization direction of the 
laser light is large, as shown in FIG. lA or 3A. 

[0073] In the embodiment shown in FIG. lA, the aperture 
14 is vertically long because the laser light is polarized in the 
horizontal direction. To be more specific, in the embodiment 
shown in FIG. lA, the aperture width Wj in the horizontal 
direction is smaller than half the wavelength and the aper- 
ture width W2 in the vertical direction is larger than Wj . The 
results of calculation given above clearly support that the 
loss of light passing through the aperture is very low even if 
the aperture width Wj is set at a very small value of 50 nm. 
It follows that it is possible to achieve the optical recording/ 
reading with a spot light having a diameter which is one 
place smaller than the wavelength X. 

[0074] Incidentally, the aperture width is not limited to 
50 nm or a value smaller than V2. For example, on the basis 
of comparison with the case where an aperture of the same 
width is formed to extend in the vertical direction (TE 
mode), it is desirable to set the aperture width to fall 
within a range in which the absorption loss relative to the 
laser light is diminished by one place, i.e., Wi^260 run. To 
be more specific, it is desirable to set the aperture width 
in FIG. 5 at an optional value falling within a range 
(W^260 mm) in which the absorption loss a of the TM 
mode is made smaller than the absorption loss a of the TE 
mode by at least one order of magnitude on the basis of the 
relationship among the absorption loss a in the TE mode of 
the light absorption film 13 when the direction perpendicular 
to the polarization direction is made equal to the direction of 
the aperture width W, the absorption loss a in the TM mode 
of the light absorption film 13 when the polarization direc- 
tion is equal to the direction of the aperture width W, and the 
size of the aperture width W. 

[0075] It is also effective to use a metal other than Au used 
in the embodiment described above for forming the light 
absorption film 13. FIGS. 6 to 10 show examples of calcu- 
lation of the loss for each of the TE mode and the TM mode 
in the cases of using Ag, Cu, Al, Pt and Ti, respectively, for 
forming the light absorption film 13. In any of these cases, 
the loss in the TM mode is lower than that of the TE mode. 
Also, the difference in the loss is about two orders of 
magnitude or more in each of using Ag, Cu and Al for 
forming the light absorption film 13 as in the case of using 
Au for forming the film 13, supporting that the metals 
exemplified above are highly effective when used for form- 
ing the light absorption film. 

[0076] The light intensity distribution after emission from 
the aperture 14 will now be described. FIG. 11 shows the 
light intensity distribution after the light is emitted from the 
aperture into the air atmosphere. The drawings on the left 
side of FIG. U show the entire light intensity distribution 
including the evanescent light, and the drawings on the right 
side show the propagating light components, i.e., the Poynt- 
ing vector components. As apparent from FIG. 11, the 
propagating light component is increased with increase in 
the ratio Vf/k of the aperture width to the laser wavelength. 



Since the light actually utilized consists mainly of the 
propagating light component, it is desirable for the ratio W/X. 
to be large. On the other hand, it is necessary to diminish the 
value of W in order to obtain a fine spot. It follows that, in 
obtaining a fine spot, it is advantageous for the wavelength 
X of the laser light to be short. 

[0077] On the other hand, where the wavelength of the 
light source is short, it is necessary to arrange an absorption 
film adapted for the short wavelength. FIG. 12 shows the 
situation of the waveguide mode in the case where wave- 
length of the light source is 400 nm in respect of the ^rture 
formed in a gold thin film shown in F^IG. 2A. What should 
be noted is that the permeation for the TM mode is large 
unlike the situation shown in FIG. 2A in spite of the fact that 
the aperture is formed in a gold thin film. The reason for the 
particular situation is that, in the wavelength of 400 nm, the 
absolute value in the real part of n^ in a gold film (ni^-K^= 
1.552^-1.75^=-0.746) is smaller than 1 and, thus, the elec- 
tric field intensity within the metal film is increased by the 
coefiSdent of 1/n^. 

[0078] On the other hand, the absolute value in the real 
part of n^ in an aluminum (Al) film (nj^-ic^— 19.64) is 
larger than 1 by at least one order of magnitude in 400 nm, 
too. As a result, the TM mode is greatly attenuated within the 
metal, leading to a small absoiption loss, as shown in FIG. 
13. 

[0079] FIGS. 14 and 15 quantitatively show the situa- 
tions. As apparent from FIGS. 14 and 15, it is desirable to 
use, for example, aluminum for forming the light absorption 
film for a short wavelength of 400 nm, though it is possible 
to use an optional material for forming the light absorption 
film 13, as far as the material has an absolute value, whidi 
is larger than 1, in the real part of the square of the refractive 
index (n^^-K^ under the oscillation wavelength X. 

[0080] Accordirig to the embodiment described above, the 
direction of the short aperture width Wj of a fine aperture is 
set in parallel to the polarizing direction of the semiconduc- 
tor laser element 10 so as to make it possible to provide a 
semiconductor laser device that makes it possible to mini- 
mize the ^ot diameter of the laser beam and that has a high 
transmission efficiency of the laser light through the aper- 
ture. 

Second Embodiment 

[0081] FIG. 16 is an oblique view schematically showing 
the construction of a semiconductor laser device according 
to a second embodiment of the present invention. As shown 
in the drawing, the semiconductor laser device comprises a 
semiconductor laser device 20 having an active layer 21 
arranged therein and having the facet protected by an 
insulating film 22 and a light absorption film 23 having a 
aperture 24. The polarizing direction of the laser is perpen- 
dicular to the junction plane, i.e., the direction of the electric 
field vector is perpendicular to the junction plane. 

[0082] The second embodiment differs from the first 
embodiment in the polarizing direction of the laser light. It 
is possible to achieve a laser in which the polarizing direc- 
tion is perpendicular to the junction plane as in the second 
embodiment by, for example, arranging an optical absorbirig 
layer within a clad layer so as to make the loss of the TE 
mode larger than that of the TM mode, i.e., by arranging a 
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light abfioiption layer in such a positioa, or by introducing 
a tensile strain into the active layer 21 so as to achieve a TM 

mode oscillatioD. 

[0083] Since the polarizing direction is parallel to the 
vertical direction in the second embodiment, the aperture 24 
formed in the light absorption film 23 extends in a lateral 
direction. In other words, the aperture width W-i in a direc- 
tion parallel to the polarizing direction is smaller than half 
the oscillating wavelength of the semiconductor laser, and 
the aperture width W2 in a direction perpendicular to the 
polarizing direction is larger than the aperture width . The 
particular construction of the second embodiment is advan- 
tageous in that the two dimensional shape in the oscillation 
mode of the semiconductor laser element can be made 
similar to the shape of the aperture. As a result, in addition 
to the effects produced by the first embodiment, an addi- 
tional effect can t>e obtained that it is possible to allow the 
light output from the semiconductor laser clement 20 to be 
incident highly efficiently on the aperture. 

Third Embodiment 

[0084] FIG. 17 is an oblique views schematically showing 
the construction of a semiconductor laser device according 
to a third embodiment of the present invention. The semi- 
conductor laser device shown in FIG. 17 comprises a 
surface-emitting type semiconductor laser element having 
an active layer 32 arranged therein and having the edge 
surface protected by an insulating film 36 and a light 
absorption film 39 having an aperture 40. 

[0085] The surface-emitting type semiconductor laser ele- 
ment according to the third embodiment of the present 
invention comprises an n-type DBR reflection layer 31, an 
active layer region 32 having an optical thickness that is 
equal to the oscillation wavelength, a p-type DBR reflection 
layer 33 and a p-type contact layer 34, which are laminated 
one upon the other on one surface of an n-type semicon- 
ductor substrate 30. 

[0086] A p-type contact layer 35 and an insulating film 36 
are formed in the order mentioned on the surface of a part 
of the p-type contact layer 34, and a p-type electrode 37 is 
formed on the surface of the other part of the p-type contact 
layer 34. Further, an n-type electrode 38 is formed on the 
other surface of the n-type semiconductor substrate 30. The 
semiconductor laser element of the particular construction is 
called a vertical-cavity surface-emitting semiconductor laser 
element. 

[0087] Still further, a light absorption film 39 having an 
aperture 40 is formed on the insulating film 36 of the 
semiconductor laser element. 

[0068] The aperture width is small (X/2 or less) in a 
direction paraUel to the polarizing direction of the laser light 
and large in a direction perpendicular to the polarizing 
direction of the laser light in this embodiment, too, making 
it possible to decrease markedly the loss of light as already 
described in conjunction with the first and second embodi- 
ments. 

[0089] The thicknesses of the insulating films 12, 22 and 
36 used in the first, second and third embodiments, respec- 
tively, will now be described. As already described, the tight 
can be attenuated suffidenUy in the region other than the 
aperture if the thickness of each of the light absorption films 



13, 23 and 39 is about 100 nm. The thickness noted above 
corresponds to an optical thickness of about "k (one wave- 
length). An ordinary metal film having a thickness of the 
level noted above exhibits a reflectance of at least 90% and, 
thus, is sufficiently effective when used as a reflector of a 
cavity. 

[0090] However, where a metal film is formed to cover the 
facet of an edge-emitting type laser as in the first embodi- 
ment or the second embodiment, it is absolutely necessary to 
form the insulating film 12 or 22 between the facet and the 
metal fihn. Also, it is necessary to set the thickness of the 
insulating film 12 or 22 at a value at which a high reflectance 
can be ensured because the reflectance is decreased depend- 
ing on the thickness of the insulating fikn. Incidentally, in 
the known semiconductor laser element failing to fall wifliin 
the scope of the present invention, the reflectance of the 
insulating film need not be considered. In general, the 
thickness of the insulating film is set at K/4. 

[0091] FIG. 18 is a graph showing an example of calcu- 
lating the dependence of the reflectance R on the thickness 
d of the insulating film 12 or 22. In this calculation, the 
optical thickness of the gold (Au) film is set at X (one 
wavelength). However, since the gold film has a sufficiently 
large absorption coefficient, the dependence of the reflec- 
tance R on the thickness of the metal film is smaU. In the 
graph of FIG. 18, the reflectance R is plotted on the ordinate, 
with the optical thickness of the insulating film 12 or 22 
normalized by the wavelength (ndA.) plotted on the abscissa. 
As apparent from FIG. 18, the reflectance R is periodicaUy 
increased and decreased. It can be understood from FIG. 18 
that a high reflectance R is exhibited in the vicinity of the 
value denoted by formula (2): 

#u«X<-0.240.5 m (2) 

[0092] where m represents an integer. 

[0093] In order to obtain a reflectance R of, for example, 
at least 95%, d should be set to satisfy the rclation^ip given 
by formula (3) below: 

0.05+0.5 in^n4^^035+0.5 m (3) 

[0094] Incidentally, since the insulating film sufficiently 
plays the role of a protective film even if the film is thin, it 
suffices to set the value nd/k of the insulating film 12 or 22 
to fall within the range defined in formula (4) given below: 

0.05^nd/X^0.3S (4) 

[0095] As described above, according to the third embodi- 
ment, the effect similar to that produced by the first emtxxli- 
ment can be obtained in respect of the vertical-cavity 
surface-emitting type semiconductor laser device, too. 

[0096] The present invention is not limited to each of the 
emtxxliments descril>ed above. 

[0097] To be more q>ecific, the semiconductor laser ele- 
ment in each of the embodiments described above is not 
limited to the element formed of the material specified in 
each of these embodiments. For example, it is possible to use 
various materials in the present invention including 
InGaAsP series, GaALAs series, InGaAlP series, InGaAlN 
series, InGaAlBN series, InGaAsSb series, CdznMgSSe 
series materials, etc. 

[0098] Also, the laser structure is not limited to the struc- 
tures shown in FIGS. lA, IB, 16 and 17, and the laser 
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stmctuie can be modified appropriately. For example, it is 
possible to use an insulating sapphire substrate 50 in place 
of the semiconductor substrate, as shown in FIG. 19. In the 
laser structure shown in FIG. 19, an n-type GaN layer 51, 
an n-type GaAlN clad layer 52, an MQW active layer 53 
made of InCaN, a p-type GaAlN clad layer 54, a p-type GaN 
contact layer 55 and a ridge portion 56 are laminated one 
upon the other in the order mentioned on the sapphire 
substrate 50. Also, the laser facet (light-emitting surface) is 
covered with an insulating film 57. 

[0099] In the case of the example shown in FIG. 19, the 
sapphire substrate 50 is an insulator. Therefore, each of the 
layers 52 to 55 is partly etched in the etching step until the 
etching proceeds to reach the clad layer 51, and an n-side 
electrode (not shown) is fonned on the exposed clad layer 
51. Also, a p4ype electrode (not shown) is formed to cover 
the p-type GaN contact layer and the ridge portion 56. It 
should also be noted that a light absorption film 58 having 
an aperture 59 is formed on the insulating film 57 of the 
semiconductor laser element of the modification shown in 
FIG. 19. The aperture 59 is positioned to face a part of the 
light-emitting surface as in the embodiments described 
previously. 

[0100] Incidentally, the inner space of each of the aper- 
tures 14, 24, 40 and 59 formed in the first to third embodi- 
ments is fiUed with air. Alternatively, it is possible for the 
inner i^aoe of the aperture to be filled partly or entirely with 
the insulating film 12, 22, 36 or 57. 

[0101] Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the spirit or scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 

1. A semiconductor laser device, comprising: 

a semiconductor laser element having a light-emitting 
surface from which a laser Hgbt having a wavelength X 

is emitted; and 

a light absorption film provided with an aperture serving 
to form an intensity profile of said laser light in a width 
smaller than said wavelength X when the laser light 
emitted from the light-emitting surface of the semicon- 
ductor laser element passes through said aperture; 

wherein said aperture has a first apermre width and a 
second aperture width Wj, said first aperture width 
in a direction parallel to the polarizing direction of said 
laser light is shorter than said second aperture width W2 
in a direction perpendicular to the polarizing direction 
of the laser light. 

2. The semiconductor laser device according to claim 1, 
further comprising a dielectric film is arranged between said 
light-emitting surface and said light absorption film. 

3. The semiconductor laser device according to claim 1, 
wherein said first aperture width is set to fall within a 
range in which the absoiption loss relative to the laser light 
is diminished by at least one order of magnitude, compared 



with the case where an aperture of the same aperture width 
is foraied in a direction perpendicular to said polarizing 
direction. 

4. The semiconductor laser device according to claim 1, 
wherein said semiconductor laser element is of an edge- 
emitting type and the oscillation mode of said laser light is 
a TM mode. 

5. The semiconductor laser device according to claim 1, 
wherein said light absorption film is made of a metal. 

6. The semiconductor laser device according to claim 1, 
fiirther comprising an insulating film is interposed between 
said light-emitting surface and said light absorption film, 
and the optical thickness of said insulating film falls within 
a range of between 0.05X and 0.35X relative to the oscilla- 
tion wavelength X of said laser light. 

7. A semiconductor laser device, comprising: 

a semiconductor laser element having a light-emitting 
surface from which a laser light is emitted; and 

a light absorption film provided with an aperture that 
permits passage of a part of the laser light emitted from 
the light-emitting surface of said semiconductor laser 
element; 

wherein said aperture has a first apermre width and a 
second aperture width W2, said first aperture width Wj 
in a direction parallel to the polarizing direction of said 
laser fight is shorter than half the oscillating wave- 
length X of the semiconductor laser element, and said 
second aperture width in a direction perpendicular 
to the polarizing direction of the laser light is longer 
than said first aperture width W^. 

8. The semiconductor laser device according to claim 7, 
further comprising a dielectric film is arranged between said 
light-emitting surface and said light absorption film. 

9. The semiconductor laser device according to claim 7, 
wherein said first aperture width is set at a value of an 
aperture width Wq falling within a range in which a second 
absorption loss caused by the light absoiption film in the 
case where the aperture v^th Wq is set in a direction parallel 
to said polarizing direction is smaller by at least one order 
of magnitude than a fiist absorption loss caused by the light 
absoiption film in the case whttt the aperture width Wq is 
set in a direction perpendicular to said polarizing direction. 

10. The semiconductor laser device according to claim 7, 
wherein said semiconductor laser element is of an edge- 
emitting type and the oscillation mode of said laser light is 
a TM mode. 

11. The semiconductor laser device according to claim 7, 
wherein said light absorption film is made of a metal. 

12. The semiconductor laser device according to claim 7, 
further comprising an insulating film is interposed between 
said light-emitting surface and said light absorption film, 
and the optical thickness of said insulating film falls within 
a range of between (0.05+0.5 m)X and (035+05 m)X (m 
represents integer) relative to the oscillation wavelengtti X of 
said laser light. 

13. A semiconductor kuser device, comprising: 

a semiconductor laser element having a light-emitting 
surface from which a laser light X is emitted; and 

a light absorption film mounted to cover the light-emitting 
surface of said semiconductor laser element and pro- 
vided with an aperture positioned to face a part of said 
light-emitting surface; 
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wherein said aperture has a first aperture width and a 
second aperture width W2, said first aperture width 
in a direction parallel to the polarizing direction of said 
laser light is shorter than said second aperture width W2 
in a direction perpendicular to the polarizing direction 
of the laser light. 

14. The semiconductor laser device according to claim 13, 
wherein said first aperture width is shorter than half the 
oscillation wavelength X of said semiconductor laser ele- 
ment. 

15. The semiconductor laser device according to claim 13, 
further comprising a dielectric film is arranged between said 
light-emitting surface and said light absorption film. 

16. The semiconductor laser device according to claim 13, 
wherein said first aperture width Wj is set at a value of an 
aperture width Wq falling within a range in which a second 
absorption loss caused by the light absorption film in the 
case where said polarizing direction is allowed to coincide 
with the direction of the aperture width Wq is smaller by at 



least one order of magnitude than a first absorption loss 
caused by the light absorption film in the case where the 
direction perpendicular to the polarizing direction is allowed 
to coincide with the direction of the aperture width Wq. 

17. The semiconductor laser device according to claim 13, 
wherein said semiconductor laser element is of an edge- 
emitting type and the oscillation mode of said laser light is 
a TM mode. 

18. The semiconductor laser device according to claim 13, 
wherein said light absorption film is made of a metal. 

19. The semiconductor laser device according to claim 13, 
further comprising an insulating film is interposed between 
said light-emitting surface and said light absorption film, 
and the thickness d and the refi'active index n of said 
insulating film and the oscillation wavelength X of said laser 
light satisfy the relation^^: O.Q5^nd/X^03S. 

* * « * * 



